Styrene maleic acid-pirarubicin disrupts tumor microcirculation and enhances the permeability of colorectal liver metastases.
Doxorubicin is a commonly used chemotherapy limited by cardiotoxicity. Pirarubicin, derived from doxorubicin, selectively targets tumors when encapsulated in styrene maleic acid (SMA), forming the macromolecular SMA pirarubicin. Selective targeting is achieved because of the enhanced permeability and retention (EPR) effect. SMA-pirarubicin inhibits the growth of colorectal liver metastases, but tumor destruction is incomplete. The role played by the tumor microcirculation is uncertain. This study investigates the pattern of microcirculatory changes following SMA-pirarubicin treatment. Liver metastases were induced in CBA mice using a murine-derived colon cancer line. SMA-pirarubicin (100 mg/kg total dose) was administered intravenously in 3 separate doses. Twenty-four hours after chemotherapy, the tumor microvasculature was examined using CD34 immunohistochemistry and scanning electron microscopy. Tumor perfusion and permeability were assessed using confocal in vivo microscopy and the Evans blue method. SMA-pirarubicin reduced the microvascular index by 40%. Vascular occlusion and necrosis were extensive following treatment. Viable cells were arranged around tumor vessels. Tumor permeability was also increased. SMA-pirarubicin damages tumor cells and the tumor microvasculature and enhances tumor vessel permeability. However, tumor necrosis is incomplete, and the growth of residual cells is sustained by a microvascular network. Combined therapy with a vascular targeting agent may affect residual cells, allowing more extensive destruction of tumors.